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Arc is the revision of programR-codethat is describedin R. D. Cook and
S. Weisberg (1994)An Introductionto RegressionGraphics, publishedby John
Wiley & Sons,calledIRG in thefollowing. Arc includesanumberof evolutionary
changesin theR-codethatwe think aremoreintuitive thantheoriginal, andwill
make the programeasier, andmoreenjoyable, to use. As a result,someof the
descriptionsof R-codein IRG areincorrect. This documentis designedto help
youmake thetransitionfrom R-codeto Arc.

A morecompletedescriptionof Arc is containedin thebookR. D. Cookand
S.Weisberg (1999),AppliedRegressionIncludingComputingandGraphics, pub-
lishedby JohnWiley & Sons.Additional informationis alsoavailableat theWeb
addresswww.stat.umn.edu/arc.

Arc is copyrightedsoftware,but it maybedistributedandusedfreeof charge.
Pleaseseethe documentationthataccompaniesthe programfor completeinfor-
mationon thecopyright.

1 Getting the Program

Arc is distributedon the internetonly. The currentweb addressis given above.
Completeinstructionsfor down-loadingaregiven on the website,or on the in-
stallerfiles themselves.
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2 The Arc Directory

Thefiles in Arc area little differentthanin theoriginalR-codefiles. First, thereis
anew versionof Xlisp-Stat, version3.52or later. Thereis nolongerafoldercalled
R-code thatcontainssourcecode.Arc is includedin aworkspacexlisp.wks .
Thesampledatafileshave beenmovedto a folder calledData (thedatafiles for
IRG areavailablefrom thewebsiteandrequirea separatedown-load).Thereare
a few additionalfiles aswell. Also includedis a directorycalledExtras . This
directoryis initially empty, but any file youput in thisdirectorywhosenameends
in .lsp will be loadedautomaticallywhenever the programis started.For ex-
ample,from time to time, updatesto Arc arepostedon the website;you should
down-loadtheupdates.lsp file andput it in your Extras directory, follow-
ing thedirectionson theweb.

3 Starting Arc

With theMac OS,Arc is startedby double-clickingon the icon for eitherXlisp-
Stator for thefile xlisp.wks . With Windows 95 or newer, startArc usingthe
Startbutton, by first selectingPrograms,thenArc, andthenArc again. For the
Unix/Linux version,Arc will generallybestartedby simply typing arc in a text
window.

4 Differences between R-code and Arc

The versionof R-codedescribedin IRG took a modelas its basicobject. Data
wouldbereadfrom afile, andimmediatelyaregressionbasedonthosedatawould
becomputed.Menuswerethencreatedthatcorrespondedto themodelthatwas
fit.

In Arc, the basicobject is a data set. Whena datafile is read,the dataset
is created.From the datasetonecanmodify the data,createmodelsanddraw
graphs. This approachis muchmoregeneral,andwe think correspondsto the
waypeoplereally think aboutdata.

4.1 The Arc Menu

Whenyou startArc on any system,beforeyou loadany datafiles, you will geta
menucalledArc. Thismenuhasthefollowing items:
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Load Selectthis item to load: (1) a previously preparedArc datafile, suchasall
thefilesincludedwith Arc distribution,or any file createdusingArc; (2) any
file of Xlisp-Statcode;or (3) a “plain” datafile.

Dribble. . . Saveoutputto afile; seeIRG, p. 12–13.

Calculate probability. . . Calculateprobabilitiesfor Normal, t, Chi-squared,or
F distributions.Inputvaluesof therelevantstatisticanddegreesof freedom
andtheupper, lower, or two tailedprobabilityis returned.A helpbuttonon
thedialogprovidesfurtherdocumentation.

Calculate quantile. . . Calculatea quantilefor a Normal, t, Chi-squared,or F
distribution. Input valuesof the relevant significancelevel anddegreesof
freedomandtheoneor two tailedquantileis returned.A helpbuttononthe
dialogprovidesfurtherdocumentation.

About Arc Copyright information.

Help. . . In the resultingdialog, type the nameof a function to get help on its
usage,if helpis available(asanexample,selectthis itemandtyperecode
in the dialog), or to find all functionsthat includethat text string in their
name.

Settings. . . Changeandsave settingsof variousfeaturesusedin Arc. In thedia-
log,selectasettingyouwishto change,andchoose“Updateselection”from
themenu.If you changea numberof settings,you canreturnthemto their
default valuesby selecting“Changeall settingsto defaults”. Any changes
youmakewill befor thecurrentsessiononly unlessyousavethechangesby
selecting“Savesettingsfile”. Thiswill createafile calledsettings.lsp
thatwill bereadevery timeyou startArc.

Quit Quit Arc andXlisp-Stat.

TheArc menuwill alsolist thenamesof thethedatasetsyou have readinto
theprogram.You canthenswitchbetweendatasetsby selectingthenameof the
datasetyou wantfrom theArc menu.

5 Data Files

Datafiles preparedfor R-codecanbe directly readinto Arc. However, several
otherfile formatsareavailableaswell.
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5.1 Plain Data

Thesimplestformatof adatafile is aplain datafile, which is atext file with cases
givenby rowsandvariablesgivenby columns.Thefile canhaveany legalname.
To readthis file, simply selectLoadfrom theArc menu(or usetheLoaditem on
from the File menuon the Macintoshor Windows). You will be promptedvia
dialogboxesto namethedataset,to typeadescriptionof thedata,and,if thefile
hasno row thatcontainsvariablenames,to namevariablesandgiveadescription
of them. You will beableto save the datasetasa formattedArc datafile using
the item “Save datasetas.. . ” in thedatasetmenu(theexactnameof this menu
is thesameasthenameyougiveto thedatasetyouareusing).

Utilities areavailableon theArc websitefor readingfiles in this formatwhen
usingWindows95or newerdirectly from MicrosoftExcelinto Arc, andfor trans-
ferringdatafrom SASto Arc.

5.2 Getting into Trouble with Plain Data Files

WhenArc readsa plain datafile, it determinesthenumberof columnsof databy
countingthenumberof itemsonthefirst row of thefile. If yourdatafile hasmany
variables,theprogramthatcreatedthefile (likeaneditoror spreadsheetprogram)
mayhavesplit datainto morethanoneline,andArc will getthewrongcount.You
will thengetthefollowing errormessage:

Error: list not divisible by this length

YoucangetArc to readthefile correctlyby typingacommandin thetext window.
If your datafile, sayfred.lsp , has17 variables,type:

> (arc :data (read-data-colu mns "fred.lsp" 17))

If youwanttheprogramto find thedatafile for you,you cantype

> (arc :data (read-data-colu mns (open-file-dial og) 17))

If this doesn’t work, herearea few standardXlisp-Statfunctionsthat canhelp
you. Type

> (setf d (read-data-file "fred.lsp"))

to setd equalto a list thatcontainsthecontentsof thedatafile, with thecontents
of thefirst row, thenthecontentsof thesecondrow, andsoon. Type

> (length d)
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to tell you how many dataelementsarein thedatafile in total. Type

> (select d (* 17 (iseq 4)))

to print a few elementsof d, namelyelements0, 17,34and51. If thedatafile had
17columns,thiswouldgivethefirst four itemsin thefirst columnof thefile. You
canoftenfind problemsusingthesefunctions,andthenuseatext editorto correct
thedatafile.

5.3 Formatted Data File

Filescreatedusingthe “Save datasetas.. . ” item in thedatasetmenuwill have
a simple, human-readableformat. You can also createfiles using this format.
Table1 showsa formatteddatafile.

The first few lines of the file containinformationArc usesto assignnames,
labels, and so on. Statementsare of two types: assignmentstatements,like
data set = hald , which assignshald to be the nameof the dataset,and
constructionsthatstartwith abegin andcontinueuntil anend is reached.

Theassignmentcolumns = 5 specifiesthatthefile hasfivecolumns.Spec-
ifying thenumberof columnsis requiredonly if someof thecolumnsin thedata
arenot to beused.Theassignmentmissing = ? setsthemissingvalueplace
holder;missingvaluesarediscussedin Section5.5. If the delete-missing
assignmentis equalto t , thenall casesfrom thedatathathaveany missingvalues
will be removed from the dataset. If delete-missing is nil , thenall the
dataareusedandmissingcasesaredeletedasnecessaryin thecomputations.The
first option guaranteesthat all graphs/modelsarebasedon exactly the sameob-
servations,while the latteroptionallows eachgraph/modelto usethemaximum
numberof casespossible.

The begin . . .end constructionsare usedto defineblocks of information
for Arc. Thebegin description constructionallows typing in documenta-
tion for thedataset. The documentationshouldbe fairly short,10 lines or less,
althoughthereis no formal limit. Theconstructionbegin variables is fol-
lowedby oneline for eachcolumnof datato beusedthatdescribesthedata.These
linesarein theformat:

columnnumber� variablename� variabledescription

Thevariablenameis a shortlabelandthevariabledescriptionis a longer(about
30 charactersor lessis good)descriptionof a variable.You shouldavoid theuse
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Table1: A formatteddatafile.

data set = hald . . . Thenameof thedatasetis hald.
missing = ? . . . Setsthemissingvalueplaceholder.
delete-missing = nil . . . If t, caseswith missingdataaredeleted.
columns = 5 . . . Specifiesthenumberof columnsof data.
; a comment to skip . . . Any line beginningwith a ; is skipped
begin description . . . Thefollowing linesdescribethedata:
The hald data used in Chapter 1 of An Introduction to Regression
Graphics.
end description . . . Endof thedescription
begin variables . . . Begin definingvariables;seetext for details
Col 0 = X1 = Chemical 1
Col 1 = X2 = Chemical 2 ; another comment
Col 2 = X3 = Chemical 3
Col 3 = X4 = Chemical 4
Col 4 = Y = Heat of hardness
end variables . . . Endof definedvariables
begin lisp . . . begin lisp instructions
(send hald :make-interaction ’("X1" "X2"))
end lisp
begin transformation
X1SQ = X1ˆ2
Z1 = (cut x1 2)
end transformation
begin data . . . Thedatafollow this statement.
(

7 26 6 60 78.5
1 29 15 52 74.3

11 56 8 20 104.3
11 31 8 47 87.6

7 52 6 33 95.9
11 55 9 22 109.2

3 71 17 6 102.7
1 31 22 44 72.5
2 54 18 22 93.1

21 47 4 26 115.9
1 40 23 34 83.8

11 66 9 12 113.3
10 68 8 12 109.4

)
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of mathematicalsymbolslike +, - , = and / in the definition of variablenames,
andyoumaynot useline feedsin thevariabledescription.

Anotherconstructionof this type is begin lisp . All of the linesbetween
this one and the end lisp are sent to the lisp interpreterand executed. As
shown in Table1, aninteractionbetweenX1 andX2 will becreatedandaddedto
thedataset.Youcanput any valid lisp commandsherethatyou like.

Similar to a block of lisp statementsis a block of transformations.Theseare
of the form “label = expression”,wherethe expressioncanusevariablenames
thatalreadyexist. Theexpressioncanbein usualmathematicalnotation,or a lisp
function.Thisblockstartswith begin transformations andendswith end
transformations .

The datafollows the line begin data . The datashouldbe precededby
a left parenthesis“ ( ”, and terminatedwith a right parenthesis“ ) ”. Although
theparenthesesarenot required,including themspeedsup readingthedataby a
substantialamount.

5.4 Old-style Data Files

Datafiles thatworkedwith R-codeversion1 canalsobeusedwith Arc. You can
convert old-styledatasetsto new-styledatasetsby readingthefile into theArc,
andusingthe“Save datafile” item in thedatasetmenu.New-styledatasetscan
beconvertedto old-styledatasetsusingthecommand

> (arc-new-to-old "new" "old")

where“new” is thenameof thedatafile to beconverted,and“old” is theold-style
file thatwill becreated.

5.5 Missing Values

Missingvaluesin thedatafileareindicatedby a ? unlessyou changetheparam-
eter*default-missing-indicator* to someothervalueusingthe“Set-
tings.. . ” item in the Arc menu,or you set the missing = assignmenton the
datafile.As describedabovein Section5.3,if youhavemissingdata,theprogram
will useasmany completecasesasareavailablein any givencalculation.But if
you includethecommanddelete-missing = t in thedatafile(seeTable1),
theninsteadcaseswith missingdataon any variateareremovedfrom thedataset
for all calculations.With categoricaldata,thehandlingof categorieswith struc-
tural zeroes(that is categorieswhich it is impossibleto observe, asopposedto
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categorieswhich cantheoreticallybeobservedbut which hadanobservedcount
of zero)is describedin Section6.1.

6 The Data Set Menu

Whenyou loada datafile,you areno longerpromptedto specifya model;rather
yougetamenuwith thenameof thedatasetin themenubar;wecall this thedata
setmenu. Also, a Graph&Fitmenuis addedto themenubar. Fromthedataset
menu,you canmodify andview data;from theGraph&Fitmenuyou canobtain
graphsandfit models.This is a fundamental,philosophical,changefrom R-code
version1. In addition,only onedatasetis activeat agiventime. You canchange
betweendatasetsby selectingthenameof thedatasetin theArc menu.

6.1 Description of Data

Several itemsin the datasetmenupermit printedsummariesof thedata. These
menuitemsare:

Description Print informationaboutthedataset.

Display summaries. . . Print counts,means,standarddeviations,minima,medi-
ans,andmaximaof thedata-listsyouspecify.

Table data. . . Print tablesof data,or createnew datasets.

Display data. . . Print thedatayouselect.

Display case names Show casenamesin awindow.

Thenew featurehereis the“Tabledata.. . ” item. If you selectthis item, you
cancreatetablesof thedataby addingoverconditioningvariables. For example,
supposetwo of yourvariatesareeye-color(3 categories)andage(4 categories).If
youselecteye-colorandageasconditioningvariablesby double-clickingontheir
namesandclicking “OK”, thenyouwill geta tabledisplayedonthescreengiving
thenumberof observationsin eachof the

�������	��

cells. If you alsoselected

anothervariable(sayincome)asavariateby clicking once on its name, and once
in the list of variates, andpushedthemeanandstandarddeviation buttons,the
tablewouldconsistof thenumberof observationsin eachof thecells,alongwith
themeanandstandarddeviation of incomefor eachof the12cells.
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If youpushthe“Makenew dataset”button,thenthetableddataareput into a
new datasetwith its own menu.You canalsochoosebetweentablingall dataor
just includedcases;for thelatteroption,if asubsetof all caseshavebeenselected
(by clicking anddraggingthemouseoverpointsin ascatterplot,for example)then
only thesecasesareincluded.Structuralzeroes,asdescribedin Section5.5,are
handledby “counting emptycells asmissing”. Thereis an alternative option to
countemptycellsaszerocounts.

Thedialogfor makingtablesis relatively complicated,andyoushouldreview
it carefullybeforepressingthe“OK” button.

6.2 Modifying Data

Thedatasetmenuhasseveral itemsthatcanbeusedto modify existing data,or
to createnew data.Hereis abrief discussionof whattheseitemsdo.

Add a variate. . . Createa new variate(not in R-code). The usermustenteran
expressionthatdefinesthe new variable. Theexpressioncanbe a lisp ex-
pression,like new=(ˆ (+ a b) 2) , or it canbein standardmathemat-
ical format,like new=(a+b)ˆ2 (thelatter is actuallyanexpressionin the
computerlanguageC). This featurewasnotavailablein R-code.

Transform. . . Createnew variatesusingpoweror log transformations(modified
from R-code). Severalvariatescanbetransformedat thesametime. Logs
canbecomputedto any base.

Make factors. . . Makefactorsfrom existingvariates.Youcanusethebuttonsin
thedialogto choosethewaythefactoris created.Factorscanbedefinedby
droppingthedummyvariablefor thefirst level, or with a dummyvariable
for eachlevel of afactor, asin GLIM, or by usingScheffé (contrast)coding,
asin many programslikeMacanovaandJMP. Factorsarenamedby Arc by
preappending{F} , {T} , or {C} respectively, to thevariable’sname.

Make interactions. . . Make interactionsbetweenexistingvariatesandfactors.

Set case names. . . Setthevariateto beusedto definecasenames.Theseareused
in graphsto labelpoints. Thedefault is to usethefirst text variablein the
dataset.
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Delete datalist. . . Deletean existing datalist(i.e., a variate,factor, or interac-
tion). This needsto bedonewith care;if you deleteX1, for example,you
canhaveproblemswith factorsor interactionsderivedfrom X1.

Rename datalist Changethe nameof an existing datalist. This canalsocause
problemsif theold nameappearsin previouslydefinedmodels.

Save data set as. . . Save thedatasetin afile thatcanbereadby Arc.

Remove data set Remove thecurrentactivedataset.

The primary changesfrom R-codeare: (1) several transformations,factors,
andinteractionscanbe createdat thesametime; (2) log-transformationscanbe
doneto any baseyou like, with naturallogarithmsto the base� asthe default;
(3) the :add-data method(seeIRG, p. 234) canbe accessedusingthe “Add
a variate.. . ” menuitem. You no longerneedto know how to write a lisp ex-
pressionto createavariable,asyou canusestandardmathematicalformulas,like
new=a*b*(1+exp(c)) , assumingthatthevariablesa, b andc areall defined.
Variablenamesincludingspecialsymbolslike the underline_ or questionmark
?, or a mathematicalsymbolsuchas+, - , * or / arecertainto causeproblems.
For example,the variablenameplant-ht will be readincorrectlyasplant
minusht . Any variablenameincludinga squarebracket like log[ht] will not
work.

7 Graphics from the Graph&Fit Menu

TheGraph&Fitmenuhassix graphicscommands.Herearebrief descriptionsof
theseitems:

Plot of. . . The genericplotting methodfor histograms,and2D and3D scatter-
plots.

Scatterplot-matrix of. . . Createscatterplot-matrices.

Boxplot of. . . Createboxplots.

Multi-panel plot of. . . Theuserchoosesonevariablefor a fixedaxis,andmany
variablesfor a changingaxis. Whentheplot is drawn, theusercanchange
betweenthemultiplepanelsof thisplot usingaplot control.
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Probability plot of. . . Createprobabilityplots.

Set marks Whencreatinga plot, therewill be an item called“Mark by.. . ”. If
you fill in this item, thenthe variableyou selectwill be usedto mark (by
color or symbol) points in all plots. Typically, the markingvariablewill
have two or possiblythreecategories;if morethansix areused,thencolors
will begin to repeat.This item is usedto turn markingoff, to changethe
markingvariable,or to addmarksafteraplot is drawn.

Selectingoneof the first five of theseitemswill give a dialog to choosethe
quantitiesto graph. Thesedialogsincludenew features.The usercanselecta
variablein the“Mark by.. . ” box. This variablewill beusedto definegroupsof
pointsin theplot, andeachgroupwill begivenadifferentcolorandsymbol.You
canswitchto usingcolorsor symbolsby changingthe*mark-groups-with-
color* and*mark-groups-with-symbol* settings(seeSection4.1).Col-
orsarebetterfor thescreenbut symbolsareneededwith mostprinters;thedefault
is to usebothcolorandsymbols.For example,if you “mark by” avariablecalled
sex , with values0 and1, thenall thepointswith sex = 0 will bemarkedin one
color, andall thepointswith sex = 1 will bemarkedanothercolor. If themark-
ing variablehasmorethansevendistinctvalues,you will geta dialogthatasksif
you really want to markwith it, andyou will begiventheopportunityto replace
themarkingvariableby a discrete(i.e.,grouped)versionof it with thenumberof
levelsyouspecify. Onceyouchooseamarkingvariable,it is usedin all plotsuntil
youeitheruseanotherone,youselectthe“Removemarks”menuitem,or youset
colorsmanuallyusingthecolor palettein the top left cornerof a plot. For other
usesof marks,seeSections7.1and7.7.

In the plot dialog you canalsochoosea variableto be usedas“weights.” If
you fill in this area,thentheweightswill beusedin fitting smoothersto theplot;
seeSection7.1. Two push-buttonsallow you to “jitter” thegraph(which means
to adda small amountof randomerror beforegraphing,so seeingover-plotted
pointsis easier),andto remove theplot controls(you canget thembackusinga
menuitem from theplot’smenu).

7.1 Two Dimensional Plots

The plot controlsfor 2D plots have beenenhanced.A new plot control called
“Options” allows you to changeaxis labels, tick marksand text, to frame the
graph,andto adda curve to the graphusinga self-explanatorydialog. You can
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alsoaddthetransformationslidebarsthatusuallyappearonly on scatterplotma-
tricesusinga check-boxin the“Options” dialog. Theslidebarsthathavepop-up
menusare indicatedwith a trianglepointing down. In the parametricsmoother
slidebar (theonethat initially has“OLS” above it), you cannow fit usingordi-
nary leastsquares(OLS), HuberM-estimation(with fixed tuning parameter),or
usinglogistic regression,Poissonregressionor Gammaregression.If you have
specifiedweights,they areusedin thefitting. For logistic regression,aplot of the
proportionof successeson theverticalaxiswith weightsequalto thenumberof
trials will fit thecorrectlogistic regression.If thenumberof trials equalsonefor
all cases(for example,theresponsevariableis a list of onesandzeroesrepresent-
ing successor failure), you do not needto specifyweights. The “power curve”
smootherhasbeenmovedfrom thenonparametricslidebar(theonethat initially
has“lowess”above it”) to theparametricslidebar.

The smoothersavailable in the nonparametricsmoothingslide bar include
lowess,anda very primitive slice smoother, in which the rangeof 
 is divided
into non-overlappingslices,andthemeanis computedin eachslice. This is ex-
actly thesmootherthat is usedby SlicedInverseRegression(SIR)—seeIRG, p.
119–133.Also availableis a splinesmoother;detailson this will begiven later.
The kernelsmoothers,which wererarely usedin version1, areno longeravail-
able;othersmootherswill beaddedlater. The“Mean��� SD” slideruseslowess
to computeanestimateof themeanfunction,thencomputesthesquaredresiduals
from the lowesssmooth,andsmoothsthemto estimatethe standarddeviation.
Thelinesshown on theplot aretheestimatedmeanandtheestimatedmeanplus
andminusonestandarddeviation.

For eachsmoother, youcannow selectthe“Fit by marks”option,if thepoints
aremarked by group. The smoothwill thenbe computedandfit separatelyfor
eachgroup.

An additionalmousemodecalled“Slicing” hasbeenadded.If you selectthis
mode,you will have the samecursoryou get for brushing,andindeedyou can
resizethebrushin theusualway. Thedifferencewith brushingis thatsummary
statisticsfor the points in the brushareprintedon the plot, namelythe number
of pointsin theslice andtheir meanandstandarddeviation on the verticalaxis.
You canget thesenumbersprintedin the text window, aswell asthe meanand
standarddeviationon thehorizontalaxis,by control-shiftclicking themouse.
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7.2 Three Dimensional Plots

Oneplot controlhasbeenaddedto 3D plots that is a generalizationof thepara-
metricsmootherslidebar for 2D plots. Usethis slidebar to fit 3D surfaces.The
choicesare linear, full quadratic,or any other quadraticobtainedby dropping
termsfrom thefull quadratic.An additionalchoiceis to fit

E ����� ��������� �"!$#%�'&(��#%�")*�+#%�",-�.�'&(�/#0�")*��� ) (1)

whichis aone-dimensionalquadraticmodel.Thismeanfunctionis nonlinear, and
socomputingit takesmuchlongerthantheotherfunctions.Parameterestimates
for fitting meanfunction(1) canbeobtainedasdescribedin Section8.1.

7.3 Scatterplot Matrices

Eachof the transformationslide barsnow hasa pop-upmenuto add a power
choiceto the slide bar, to add the transformedvaluesto the dataset, or to se-
lect a transformationto make the variableas normal as possible(using a one-
dimensionalBox-Coxprocedure).A new “Transformations”plot controlincludes
a numberof self-explanatoryoptions. It alsoallows selectinga numberof vari-
ablesandtransformingthemsimultaneouslyto achievemultivariatenormalityus-
ing amultivariategeneralizationof TheBox-Coxprocedure.

7.4 Boxplots

The dialog allows a choiceof several variablesanda conditioningvariable. If
you do not selecta conditioningvariable,you will geta parallelboxplot for the
variablesyou haveselected.If you do selecta conditioningvariable,you will get
aboxplotof thefirst variablesplit accordingto levelsof theconditioningvariable.
A plot control allows printing a correspondinganalysisof variancetableat the
bottomof theplot. Weights,if set,areusedin computingtheanalysisof variance.

7.5 Multi-panel Plots

This item allows examininga numberof 2D plots with oneaxis common,and
theotheraxisvariable. For example,onemight assignthe responseto thefixed
verticalaxis,andall thepredictorsto thevariablehorizontalaxis to view partial
responseplots,or reversetheassignmentwith theresponseon thehorizontalaxis
to view all inversepartial responseplots. It would be nice to seetheseplots in
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parallelin onewindow, but this is not supportedin the currentversionof Xlisp-
Stat.

7.6 Probability Plots

This is usedto studythe distribution of a randomsample.The ordereddataare
plottedagainstquantilesfrom a hypothesizeddistribution (chosenfrom the nor-
mal, half-normal,chi-squared,or t distributions); if the samplingdistribution of
thedatais thesameasthehypothesizeddistribution, thentheplot shouldbeap-
proximatelystraight.

7.7 Conditioning Plots

If you have a markingvariablein a graph,you canclick themouseon oneof the
valuesof themarkingvariable,andonly pointsin thatgroupwill remainvisible.
Click on the nameof the markingvariableto restoreall the data. This is useful
for examiningconditionaldistributions.

8 Fitting Models

UnlikeR-code, Arc doesnotfit modelsautomatically. Youfit amodelby selecting
oneof thefit itemsfrom theGraph&Fitmenu(R-codeonly fit linearleastsquares
regressions).Thechoicesare:

Fit linear LS. . . Usedto fit linearleastsquaresregression,or normalgeneralized
linearmodels.Thedialogcanbeusedto choosea meanfunction,which is
the inverseof the link function commonlydiscussedin generalizedlinear
models. The identity link givesusuallinear models,but the inverseand
exponentialmeanfunctions,correspondingto theinverseandlog links, are
alsoavailable. You canalsochoosea “Full quadratic”to fit a full second-
ordermodelin thepredictorsor a “1D-quadratic”to fit a one-dimensional
quadraticin thepredictors,which is equivalentto (1) with 13254 predictors.

Fit binomial response. . . Binomial generalizedlinear models. The responseis
thenumberof successes.Youmustalsospecifythenumberof trialsandthe
meanfunction(with thelogisticmeanfunctionthedefault).
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Fit Poisson response. . . Poissongeneralizedlinear models. You must specify
themeanfunction(with theexponentialmeanfunctionthedefault).

Fit gamma response. . . Gammageneralizedlinear models. You must specify
themeanfunction(with theinversemeanfunctionthedefault).

Fit nonlinear LS. . . Usedto fit nonlinearleastsquaresregression.This method
requiresspecificationof a meanfunction for the data,andyou do this in
a dialog box that will be provided. Type an expressionlike th0*(1-
th1*(exp(th2*x1))) ,wheretheparametersaregivenby th0 , th1 . . . ,
andthepredictorsarex1 , x2 ,. . . . Any valid mathematicalexpressionis ac-
ceptable.Initial estimatesfor the parametersarealsoneeded.Derivatives
arecomputedsymbolically.

Inverse regression. . . Fit inverseregression(Quadraticfit, Cubic fit, SlicedIn-
verseRegression(SIR),pHd,or SAVE). Moredetailsonthesewill begiven
later.

Graphical regression. . . Detailsonthisitemarediscussedin Chapter20of Cook
andWeisberg (1999).

8.1 Fit Linear LS

Thedialog for linearmodelsis similar to R-code, exceptyou arenow permitted
to choosea kernelmeanfunction. Theusualchoiceis the identity function,giv-
ing usuallinear models. For thosefamiliar with generalizedlinear models,the
kernelmeanfunction is the inverseof the usuallink function, so, for example,
theexponentialkernelmeanfunction is thesameasthe log link function. When
youcreateamodel,youwill getaModelmenu,mostlycontainingitemsfrom the
R-codeversion1 modelmenu.

8.2 Generalized Linear Models

Themenufor generalizedlinearmodelsis similar to the linearregressionmenu,
exceptyou mustspecifya kernelmeanfunctionandfor binomialdatayou must
alsospecifythenumberof trials.
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8.3 Nonlinear Models

To specifyanonlinearmodel,youmustspecifybothameanfunctionandstarting
valuesfor theparameters(if you do not specifystartingvalues,they areall setto
zero).A meanfunctionisatext stringlike"th0+th1*x1+th2*(1+exp(th3*x2)) " ,
wheretheparametersareth0 , th1 , . . . , andthevariablesarex1 , x2 , . . . . Other
text strings that can be usedfor the parametersare theta , gam, gamma, a,
alpha , b, andbeta , while z ’s canbeusedfor thevariablesaswell asx ’s. You
canspecifyameanfunctionin threeways:

1. After selecting“Fit NonlinearLS.. . ”, type themeanfunction into the re-
sultingmeanfunctiondialog. This is harderthanit sounds,anderrorsare
common.Alternatively, aslightly easiermethodis to typethecommand

(def m "th0+th1*x1+th2* (1 +exp (th 3* x2 )) ")

andthento typeminto the“Fit NonlinearLS.. . ” meanfunctiondialog.

2. On thedatafile, addaconstructionlike

begin mean functions
th0+th1*x1+th2 *( 1+exp (t h3*x 2) )=( 10 15 12)
end mean functions

Thesyntaxis meanfunction= startingvalues.Alternatively, if youcreatea
meanfunctionusingthedialogandthensavethedatafile,themeanfunction
andstartingvalueswill besaved.

3. Youcantypein acommand.If d is thenameof thedataset,thentype

(send d :mean-function
"th0+th1*x1+th 2*( 1+ex p( th 3*x 2) )" (10 15 12))

Thenonlinearregressionmenuis considerablydifferentfrom theothers.Here
is abrief descriptionof theitemsin thenonlinearmodelmenu.

Display Fit Print theestimates,standarderrorsanda summaryanalysisof vari-
ancetableon thescreen.
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Display Variances Print thematrix 6798�:<;>=?;A@�BDC , where ; is thematrix of first-
derivativesof themeanfunctionwith respectto theparameters.This is the
approximatevariance-covariancematrix of the coefficient estimates.This
matrixmaynotbemeaningfulif thedistributionof theestimatesis far from
thenormaldistribution. Also printedby this commandis this matrix con-
vertedto a correlationmatrix.

Fit model to groups. . . This allows thedatato besplit into groupsusingoneof
the variates(sex, for example),andthenthe specifiednon-linearmodelis
fit to bothgroupsseparately.

Subset model. . . Selectthis item to producea complicateddialog to allow the
userto build a sub-modelof the nonlinearmodelby settingsomeof the
parameters.A parametercanbe set“free” (or left blank) to allow it to be
estimated;it canbe set“current” to fix it at its currentvalue; it canbeset
to any numericalvalue;or two or moreparameterscanbesetequalto one
another. Startingvaluesaredeterminedfrom thecurrentfit.

Model checking plots. . . Producemodelcheckingplots(seeSection9).

Likelihood region. . . If theuserselectsoneparameterin theresultingdialog,a
confidencecurve for that parameteris drawn. If two parametersarecho-
sen,thenacontourplot is drawn showing simultaneousconfidenceregions
for the two parameters.Controlson the contourplot allow addingmore
contoursandaddingmorepointsto thegrid (which makesthecontourplot
smoother).

Wald region. . . Selectoneor two parametersto show the95%confidenceinter-
val or region basedon the normalapproximation.For oneparameter, the
confidencecurvesaretwo straightlines,andfor two parameterstheconfi-
denceregion is elliptical.

2D Likelihood-Wald Discrepancies ThismethodcomparestheWaldandlikeli-
hoodregions. For eachpair of parameters,many pointson the boundary
of a 95%Wald region arefound,andat eachof thesepointsthe likelihood
function is evaluatedto find the “actual” level at that point. The reported
valuesaretheminimumandmaximumcoveragefoundon theboundaryof
the region. If the minimum andmaximumarecloseto the nominal95%,
thentheWaldapproximationis closeto thelikelihoodregion.
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Plot response function This itemonly worksif thereis justonepredictor. It pro-
ducesa scatterplotof thedata,with thefitted meanfunctionsuperimposed;
this allowsagraphicalappraisalof themodel.

Distances Plot Producea plot of Cook’s distanceagainstcasenumber. Cook’s
distanceis computedbasedon thenormalapproximationat the estimates,
soit is aone-stepestimate.A pop-upmenugivesachoiceof otherwaysof
computinganinfluencestatistic,eitherby iteratinganumberof timesto get
closerto theexactCook’s distance,or by usinga differentmetric in place
of Cook’sdistance.

Parameter Plot Producea parameterplot, a generalizationof added-variable
plotsfor nonlinearmodels.

ALP residual plots Theseareadjustedlinearpredictorresidualplotsandarethe
sameasin linearmodels(seeIRG, p. 179–182).

Nonconstant variance plot This is the sameas in linear models(seeIRG, p.
182–188).

Options. . . Setanumberof numericaloptionsto aid in obtainingconvergence.

Curvatures Computeandprint parametereffectsandintrinsic curvatures.This
computationcanbe very intensive, as it requiresat least EGF storageloca-
tions,andusesnumericalsecond-derivatives.

8.4 Inverse Regression

Inverseregressionmodelscanalsobefit from thedatasetmenu.SeeRG, Chapter
8. The pHd methodcurrentlycontainssomeexperimentaloutputnot explained
in thebook. In addition,the inverseregressioncanbeestimatedby quadraticor
cubic regressionof thepredictorson theresponse.All this methodologywill be
discussedmorefully at a laterdate.

9 The Model Menu

All modelshaveanassociatedmenuwith thesamenameasthemodel.For linear
andgeneralizedlinearmodels,themodelmenusaresimilar to themodelmenuin
R-code, but someof theitemsonthemenuhavechanged.The“Display variances”
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item prints HI9J-KMLONGP LRQ�SDT , where P is a diagonalmatrix of prior weightsfor
linearmodels,andcomputedweightsfor generalizedlinearmodels.

The“Examinesubmodels.. . ” item canbeusedto getfit statistics,really just
residualsumsof squaresor deviances,for a sequenceof models.Theuserspec-
ifies a “basemodel”, the set of predictorsalways included,and the remaining
variablesto add. Note that theorderthepredictorsarelistedmatters.Computa-
tionscanbe donein four ways: forward selection,in which variablesareadded
to thebasemodeloneat a time, eachtime improving thefit asmuchaspossible;
backwardelimination,eachtime removing a variablethatdegradesthefit statis-
tics aslittle aspossible;sequential,thedefault, in which thevariablesareadded
in theordergiven;anddeleteoneat a time, in which the likelihoodratio testfor
eachvariablefit lastis computed.

The“model” menucontainstwonew graphicalitems,“Model checkingplots,”
and“Uncorrelatedscatterplotmatrix.” This latter item will bedescribedat a later
date.

Theitem“Model checkingplots” is discussedin R. D. CookandS.Weisberg
(1997),“Graphicsfor assessingthe adequacy of regressionmodels,” Journal of
theAmericanStatisticalAssociation, 92, 490-499.Model checkingplotsalways
consistof pointsandtwo smooths.

Thepointsareascatterplotof theresponsevariableon theverticalaxisversus
a linear combinationof the predictorsor othervariableson the horizontalaxis.
Usingadialog,theuserselectsthevariablesthatwill becombinedto producethe
linearcombinationson thehorizontalaxis. If all predictorsarecontinuous,then
the selectedvariableswill generallybe all the predictors;if somepredictorsare
factors,thenthesemaybeexcluded.Thedialogalsoincludesthreeradiobuttons
to choosehow the plots are to be constructed.Selectingthe default “Marginal
plots” will produceplotsof the responseversuseachof thepredictorsin turn; a
slideron theplot allows moving betweenpredictors.Selecting“pHd (on residu-
als)directions”producesa seriesof plots in which theplotting directionsareall
uncorrelatedwith eachotherandalsouncorrelatedwith the response.The way
the uncorrelateddirectionsare chosendependson the methodpHd, described
elsewhere.If themodelfit is notadequate,thefirst pHddirectionis likely to show
a problem.Thethird choiceis “randomplots,” in which randomlinearcombina-
tionsof theselectedpredictorsareusedto generatetheplots;therandomdirection
canbechangedby pressingthemousebuttonin theslidebaron thegraph.

The two superimposedsmoothsconsistof onethatdirectly smoothsthedata
andanotherthatsmoothsthemodel(seethepaperfor details).Thesmoothsare
addedto the plot usinga slider at the bottomleft of the plot; a lowesssmooth
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with commonsmoothingparameteris fit for each. If the model is adequatefor
thedata,thenthetwo smoothsshouldagreefor all possiblechoicesof horizontal
axis.Simplevariancesmoothscanalsobefit usingthepop-upmenufor theslide
bar.

10 Miscellaneous

10.1 arcinit.lsp

Thisfile mustbepresentfor Arc to run. Do NOT changethis file!

10.2 Functions

Severalfunctionshavebeenaddedto Arc thatcanhelpin creatingdata.Thefunc-
tion gl canbeusedto generateavariableof levelsfor datathatarepatterned;for
example(gl 2 3 12) will generatea vectorof two levels in blocksof three,
andof length12,giving (0 0 0 1 1 1 0 0 0 1 1 1) . Thefunctioncut
will createacategoricalvariablefromacontinuousvariable,andrecode , recode-
value and recode-values canbe usedto recodea variable. You canget
morehelpusingthe“Help” item in theArc menu.

10.3 Multiple Data Sets

As before,you canwork with many datasetsat thesametime,but only onedata
setandits modelswill bedisplayedin themenu-bar. To switchbetweendatasets,
simply selectthe dataset’s namefrom the Arc menu. Oneof the effectsof this
changeis thatmany datasetscanhaveavariablewith thesamenamewithoutany
conflicts.

10.4 A new :prediction method

In the R-code, the method:lin-combination wasintroducedto obtainthe
estimateof a linearcombinationof estimatesandits standarderror. This method
couldbeusedtogetpredictionsaswell. An additionalmethodcalled:prediction
is now included.If youhavea linearmodelcalledL1 with 3 predictors,thetyped
command

(send l1 :prediction 23 12 4 :weight 2.1)
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will computea predictionwith the first predictorequalto 23, the secondequal
to 12 and the third equal to 4, assumingthat the varianceof the error for the
new observation is U?VXWZY\[^] . For unweightedproblems,the :weight keyword can
beignored.Thereis now a menuitem on theregressionmodelmenuthatallows
usingthiscommandwithout typing.

10.5 Comments

We would appreciateyour sendingemail to arc@stat.umn.eduif you encounter
any problemsor haveany suggestions.
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